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DETAILED ACTION 

A. In response to the arguments traversing the election of species, claims 2, 6, 8, 9, 12, 1 3, 
16, 17, 20, 26, 27, 30 and 31 (Embodiments I and III) have been examined in this office action 
since these claims share many common features with those of Embodiment II. 

B. Claims 1 and 8 are canceled. 

C. The references cited in the International Search Report have been considered. 

Election/Restriction 

1. Restriction to one of the following inventions is required under 3 5 U. S C . 121: 

I. Claims 1-21 and 23-33, drawn to a semiconductor device, classified in class 257, 
subclass 678. 

II. Claim 22, drawn to a method of making a semiconductor device, classified in 
class 438, subclass 106. 

2. The inventions are distinct, each from the other because of the following reasons: 
Inventions II and I are related as process of making and product made. The inventions are 
distinct if either or both of the following can be shown: (1) that the process as claimed can be 
used to make other and materially different product or (2) that the product as claimed can be 
made by another and materially different process (MPEP § 806.05(f)). In the instant case 
unpatentability of Group I invention would not necessarily imply unpatentability of the process 
of the group II invention, since the device of group I invention could be made by the processes 
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Art Unit: 2811 

different from those of group II invention. For example, by using a laser etching/drilling method 
to form pyramidal holes instead of photolithographic etching. 

3. Because these inventions are distinct for the reasons given above and have acquired a 
separate status in the art as shown by their different classification, restriction for examination 
purposes as indicated is proper. 



Claim Rejections - 35 USC §103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth 
sectaon 102 of this t.tle, tf the differences between the subject matter sought to be patented and the 



in 



cuMi thof fu a „ u* * ~ , , JUUJVVl auugm io oe patented and the prior art are 

such that the subjec matter as a whole would have been obvious at the time the invention was made to a person 
having . oriupy sMUn the art to which said subject matter pertains. Patentability shall not be negatived by he 
manner in which the invention was made. *5<»"vcu °y me 



5 



over 



Claims 2-4, 6, 7 and 23 are rejected under 35 U.S.C. 103(a) as being unpatentable 
Tago et al (US Pat. 5508561) in view of Hosomi et al (US Pat. 6049130) and prior art (IDS-paper 
#1; Takahiro et al- Japanese Pat. 08191072 and Yoshikazu- Japanese Pat. 09148378). 
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Regarding claim 2, Tago et al disclose a semiconductor device (Fig. 14B; Col. 9, line 40- Col. 
10, line 32) having a plurality of truncated cone shaped bump electrodes (6a/4a/4b; Col. 7, line 
19- Col. 7, line 63) bonded by thermal compression (Col. 7, line 35) onto pad electrodes (2 in 
Fig. 14B) arranged on the semiconductor chip (1 in Fig. 14B). 
Tago et al further disclose processes such as soldering (Col. 10, line 27) or using an 
adhesive/conductive resin/film (Col. 10, line 24) to bond the pyramidal/conical bump electrodes 

to the terminals formed on the substrate. 

Tago et al fail to specify the bumps being in the shape of a pyramid and being bonded 

through an anisotropic conduction film. ------- " " ' "' " "" ' ' ' 

However, Fig. 14B in Tago et al's device shows the bumps resembling a shape of a 

truncated cone or pyramid with a curved dome/tip. Hosomi et al teach using pyramid shaped 

bumps using conventional thermal compression (6/7 in Fig. 20; Col. 1, line 45- Col. 2, line 68). 
The prior art reference (IDS-paper #1; Japanese Pat. 08191072; Fig. 2; Col. 1-3) show a 

variety of shapes including triangular/conical/square shaped pyramidal bumps bonded onto pad 

electrodes. 

The prior art reference (Yoshikazu) teaches using conventional anisotropic conduction 
film (15 in Fig. 2; pp. 1-5) for bonding the bump and pad electrodes. 

Therefore, it would have been obvious to a person of ordinary skill in the art at the time 
invention was made to choose pyramidal shaped bump electrodes being bonded through an 
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atopic c„„ duction „,m ,o achieve the desired ^ strength ^ ^ ^ ^ 
et al's and prior art bump shape/structure in Tago el al's device. 



Regarding c,ai m 3, Tago e, a. disctose a semiconductor device (Fig. ,48; Co,. ,i„ e 40- Co,. 
10, line 32) having a plurality of Seated cone shaped bump e,ectr„des („a/4a/4b; Co,. 7, ,i„e 
19- Co,. 7, ,ine 63) bonded by therma, compression (Co,. 7, ,ine 35) onto pad decodes (2 in 
Rg. 14B) arranged on the semiconductor chip (I in Fig. ,4B). 

Tago et al fail to specify the bumps being in the shape of a pyramid. However Fig^,4B 
in Tago e, a,, device shows the bumps resetting a ^ „fa ,„ cone or p yrami d 
curved dome/Hp. Hosomi e, a, teach using pyramid shaped bumps using convention, thermal 
compression (6/7 in Fig. 20; Col. 1, line 45- Co,. 2, line 68). 

The prior an reference (1 DS-paper *, ; Japanese Pat. 08,9,072; Fig. 2; Co,. 1 -3) show a 
vanety of shapes including «angu,ar/c„„ical/s q uare shaped pyramida, bumps bonded onto pad 
electrodes. 

Therefore, i, „„„,„ h^ been obvio „ s „ , ^ rf ^ ^ ^ ^ ^ ^ ^ ^ 
strength using Hosomi e, a,' s and prior art bump shape in Tago e, aTs device. 



a 
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Regarding claims 6 and 7, Tago et al further disclose the bump electrodes being made of a 
material selected from a group consisting copper (Cu), Nickel (Ni), gold (Au), etc. (Col. 9, line 
40). 



Regarding claim 4, as explained above for claim 3, Tago et al disclose using the bump electrodes 
of metals such as Ni, Au, etc. and bonding them onto pad electrodes by conventional thermal 
compression but Tago et al fail to specify that an alloy can be formed at their junctions by using 
conventional heating and compression processes. 

Hosomi et al teach using the cone/pyramid shaped bumps using conventional thermal 
compression where a layer comprising an alloy such as Au/Sn (9/8 in Fig. 20; Col. 1, line 45- 
Col. 2, line 68) is formed at the junction due to intermetallic diffusion. 

Therefore, it would have been obvious to a person of ordinary skill in the art at the time 
invention was made to incorporate pyramidal shaped bump electrodes and pad electrodes which 
can form an alloy at the junctions to achieve the desired bonding strength using Hosomi et al and 
prior art structure in Tago et al's device. 

Regarding claim 23, as explained above for claims 6 and 7, Tago et al further disclose the bump 
electrodes being made of a material selected from a group consisting copper (Cu), Nickel (Ni), 
gold (Au), etc. (Col. 9, line 40). 
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6. Claims 5 and 24 are rejected under 35 U.S.C. 103(a) as being unpatentable over Tago et 
al (US Pat. 5508561) in view of Hosomi et al (US Pat. 6049130) and prior art (IDS-paper #1; 
Takahiro et al- Japanese Pat. 08191072 and Yoshikazu- Japanese Pat. 09148378) and further in 
view of Chigawa et al (US Pat. 6172422). 

Regarding claim 5, as explained above for claim 3, Tago et al in view of Hosomi et al and 
Takahiro et al disclose using the pyramidal/conical bump electrodes bonded onto pad electrodes 
but fail to specify bonding them onto rewired metal conduction pads electrically connected to 
pad electrodes arranged on a semiconductor chip. 

Chigawa et al teach bonding pyramidal/conical bump electrodes onto rewired 
conductive/metal substrate pad (6a/6 in Fig. 32A-34C; Col. 14, line 44; Fig. 38) which are 
electrically connected to pad electrodes arranged on a semiconductor chip. 

Owada et al (US Pat. 5027188) teach using conventional rewired metal/connection pads 
(42 in Fig. 6; Col. 7) on the substrate (41 in Fig. 6) for a flipchip bonding. 

Therefore, it would have been obvious to a person of ordinary skill in the art at the time 
invention was made to incorporate the pyramidal bump electrodes bonded onto rewired metal 
conduction pads electrically connected to pad electrodes arranged on a semiconductor chip to 
achieve increased interconnection capability using Chigawa et al's wiring design in Tago et al's 
device in view of Hosomi et al and prior art. 
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Regarding claim 24, as explained above for claims 6 and 7, Tago et al further disclose the bump 
electrodes being made of a material selected from a group consisting copper (Cu), Nickel (Ni), 
gold (Au), etc. (Col. 9, line 40). 

7. Claims 9-2 1 and 25-33 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Tago et al (US Pat. 5508561) in view of Hosomi et al (US Pat. 6049130) and prior art (IDS-paper 
#1; Japanese Pat. 08191072 and Yoshikazu- Japanese Pat. 09148378). 

Regarding claim 9, Tago et al further disclose a mounting structure comprising: 

- a semiconductor device (Fig. 14B; Col. 9, line 40- Col. 10, line 32) having a plurality of 
truncated cone shaped bump electrodes (6a/4a/4b; Col. 7, line 19- Col. 7, line 63) bonded by 
thermal compression (Col. 7, line 35) onto pad electrodes (2 in Fig. 14B) arranged on the 
semiconductor chip (1 in Fig. 14B), and 

- the mounting structure enabling the semiconductor device to be mounted on a substrate (5 in 
Fig. 14B) by bonding the bump electrodes onto the terminals (26 in Fig. 14B) formed on the 
substrate 

As explained above for claim 2, Tago et al fail to specify the bumps being in the shape of a 
pyramid and being bonded through an anisotropic conduction film.. However, Fig. 14B in Tago 
et al's structure shows the bumps resembling a shape of a truncated cone or pyramid with a 
curved dome/tip. 
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Hosomi et al teach using Pyrami d shaped bumps using conventional thecal compression 
(6/7 in Fig. 20; Col. 1, line 45- Col. 2, line 68). 

The prior art reference (IDS-paper #1 ; Japanese Pal. 08191072; Fig. 2; Col. 1-3) show a 
variety of shapes including triangular/conical/square shaped pyramidal bumps bonded onto pad 

electrodes. 

The prior art reference (Yoshikazu) teaches using conventional anisotropic conduction 
film (15 in Fig. 2; pp. 1-5) for bonding the bump and pad electrodes. 

^■n^ftwDuMtawtoo^to.penonrf.^^ in me ar, at the time 
invention ,„„de ,„ ^ p! , ; ,„ ida , ^ ^ [fe-(s ^ ^ ^ ^ ^ 

strength in Tago et al's structure in view of Hosomi et al and prior art. 

Regarding claim 10, Tago et al disclose a mounting structure comprising: 

- a semiconductor device (Fig. 14B; Col. 9, line 40- Col. 10, line 32) having a plurality of 
tranced cone shaped bump electrodes (6a/4a/4b; Col. 7, line 1 9- Col. 7, line 63) bonded by 
thermal compression (Col. 7, line 35) onto pad electrodes (2 in Fig. 14B ) arranged on the 
semiconductor chip (1 in Fig. 14B), and 

- the mounting structure enabling the semiconductor device to be mounted on a substrate (5 in 
Fig. 14B) by bonding the bump electrodes onto the terminals (26 in Fig. 14B) formed on the 

substrate 
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As explained above for claim 3, Tago et al fail to specify the bumps being in the shape of a 
pyramid. However, Fig. 14B in Tago et al's structure shows the bumps resembling a shape of a 
truncated cone or pyramid with a curved dome/tip. 

Hosomi et al teach using pyramid shaped bumps using conventional thermal compression 
(6/7 in Fig. 20; Col. 1 , line 45- Col. 2, line 68). 

The prior art reference (IDS-paper #1; Japanese Pat. 08191072; Fig. 2; Col. 1-3) show a 
variety of shapes including triangular/conical/square shaped pyramidal bumps bonded onto pad 

electrodes. 

Therefore, it would have been obvious to a person of ordinary skill in the art at the time 
invention was made to choose pyramidal shaped bump electrodes to achieve the desired bonding 
strength in Tago et al's structure in view of Hosomi et al and prior art. 

Regarding claims 20 and 2!, as explained above for claims 6 and 7, Tago e. a. further disclose 
the bump electrodes being made of a material selected from a group consisting copper (Cu), 
Nickel (Ni), gold (Au), etc. (Co.. 9, line 40). Claim 21 is rejected as explained above for claims 
10, 3 and 7. 

Regarding claims II, 15, 1 9, as explained above for claim 4, Tago et al further disclose a 
mounting structure enabling the semiconductor device to be mounted on a substrate (5 in Fig. 
MB) by bonding the bump electrodes onto the terminals (26 in Fig. 14B) formed on the substrate 
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using processes such as soldering (Col. 10, line 27) or using an adhesive/conductive resin (Col. 
10, line 24) to bond the pyramidal/conical bump electrodes to the terminals formed on the 
substrate. 



Regarding claims 25, 29 and 33, as explained above for claims 6 and 7, Tago et al further 
disclose the bump electrodes being made of a material selected from a group consisting copper 
(Cu), Nickel (Ni), gold (Au), etc. (Col. 9, line 40). 

Regarding claims 12-14 and 16-18, as explained above for claims 9 and 10, Tago et al further 
disclose conventional processes such as soldering (Col. 10, line 27), using an 
adhesive/conductive resin (Col. 10, line 24), etc. to bond the pyramidal/conical bump electrodes 
to the terminals formed on the substrate. 

Regarding claims 26-28 and 30-32, as explained above for claims 6 and 7, Tago et al further 
disclose the bump electrodes being made of a material selected from a group consisting copper 
(Cu), Nickel (Ni), gold (Au), etc. (Col. 9, line 40). 
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Response to Arguments 
8 . Applicant's arguments filed on 1 1 - 1 9-0 1 have been fully considered but they are not 
persuasive. 

A. Applicant contends that Tago et al in view of Hosomi et al (US Pat. 6049 1 30) and prior 
art (Takahiro et al- Japanese Pat. 08191072) do not teach using bumps having a shape of a 
pyramid. 

However, Fig. 14B in Tago et al's device shows the bumps (6a) resembling a shape of a 
truncated cone or pyramid with a curved dome/tip bonded by thermal compression (Col. 7, line 
35). 

As explained above, Hosomi et al teach using pyramid shaped bumps using conventional 
thermal compression (6/7 in Fig. 20; Col. 1, line 45- Col. 2, line 68) and Takahiro et al (Fig. 2; 
Col. 1-3) show a variety of shapes including triangular/conical/square shaped pyramidal bumps 
bonded onto pad electrodes. Therefore, teachings of Hosomi et al and Takahiro et al is applied to 
incorporate the pyramidal shape in Tago et al's bumps to improve the bonding strength. 

B. Applicant contends that Tago et al in view of Hosomi et al do not teach the structure 
where the pyramidal electrodes and the pad electrode can form an alloy at the junction. 

However, as explained above, Tago et al disclose the bumps resembling a shape of a 
truncated cone or pyramid with a curved dome/tip bonded by thermal compression (Col. 7, line 
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35). It would be obvious to one of the ordinary skill that such high temperature/pressure 
exposure can result in a formation of binary alloy at the junction. 

Furthermore, Hosomi et al teach using the cone/pyramid shaped bumps using 
conventional thermal compression where a layer comprising an alloy such as Au/Sn (9/8 in Fig. 
20; Col. 1, line 45- Col. 2, line 68) is formed at the junction due to intermetallic diffusion. 
Therefore, Hosomi et al's teaching forming an alloy at the pyramidal bump/pad electrode 
junction during thermal compression is applied in Tago et al's device in view of Takahiro et al. 



C. Applicant contends that Tago et al in view of Hosomi et al, Takahiro et al and Chigawa - 
do not teach using rewired metal connection pads. 

However, as explained above, Chigawa et al (6a/6 in Fig. 32A-34C; Col. 14, line 44; Fig. 
38) and cited reference by Owada et al (Fig. 6; Col. 7) teach bonding pyramidal/bump electrodes 
onto conventional rewired conductive/metal substrate pad which are electrically connected to pad 
electrodes arranged on a semiconductor chip respectively. Therefore, Owada et al's rewired 
metal pad structure is applied to increase interconnection/routing capability in Tago et al's device 
in view of Hosomi et al and Takahiro et al. 
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Papers related to this application may be submitted directly to Art Unit 281 1 by facsimile 
transmission. Papers should be faxed to Art Unit via Technology Center 2800 fax center located 
in Crystal Plaza 4, room 4C23. The faxing of such papers must conform with the notice 
published in the Official Gazette, 1096 OG 30 (15 November 1989). 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Nitin Parekh whose telephone number in (703) 305-3410. The 
examiner can be normally reached on Monday-Friday from 08:30 am-5:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Tom Thomas, can be reached on (703) 308-2771 The fax numberfor the ~ " 
organization where this application or proceeding is assigned is (703) 308-7722 or 7724. 
Nitin Parekh 

01-22-02 ^_ _^ 

TOM THOMAS 
SUPFRVISOFW PATENT EXAMINER 
TECHNOLOGY CENTER 2800 



